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Abstract 
Purpose: The purpose of this study was to objectively evaluate hypoesthesia of the 
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upper lip following Le Fort I osteotomy in combination with mandibular osteotomy 
with trigeminal somatosensory-evoked potential (TSEP). 
Subjects and Methods: The subjects consisted of 25 patients with mandibular 
prognathism with maxillary retrognathism mandibular prognathism with or without 
asymmetry, who underwent Le Fort I osteotomy in combination with sagittal split 
ramus osteotomy (SSRO) or intra-oral vertical ramus osteotomy (IVRO). 
Trigeminal nerve hypoesthesia at the region of upper lip was assessed bilaterally by the 
TSEP method. The electrodes were placed exactly above the highest point of the 
vermilion border and on the mucosa of the upper lip. An electroencephalograph 
recording system (Neuropack Sigma™; Nihon Koden Corp., Tokyo, Japan) was used 
to analyze the potentials. Each patient was evaluated preoperatively and then 
postoperatively at 1 week, 2 weeks, 1 month, 3 months, 6 months and 1 year. 
Results: The average measurable period and standard deviation of TSEP of the upper 
lip was 7.8 ± 10.7 weeks following Le Fort I osteotomy, TSEP of the lower lip was 4.6 
± 9.2 weeks in the patients who underwent SSRO with Le Fort I osteotomy, and 1.2 ± 
0.4 weeks in the patients who underwent IVRO with Le Fort I osteotomy.  
Conclusion: This study objectively proved that hypoesthesia could appear in the upper 
lips following Le Fort I osteotomy with TSEP. The measurable period for the upper lip 
following Le Fort I osteotomy tended to be longer than that for the lower lip in the 
patients who underwent SSRO and IVRO with Le Fort I osteotomy. 




Le Fort I osteotomy is commonly performed to correct various types of dentofacial 
deformities.1-3 Advances in surgical techniques have reduced the number of 
complications related to the surgical mobilization of the maxilla, however, the 
sensitivity of maxilla after Le Fort I osteotomy is still unclear. 
A disturbance of the sensitivity of the palatal mucosa of the premaxilla is inevitable 
with the down-fracture technique since the naso-palatine nerve is severed. 
Nevertheless, one year postoperatively a partial to total recovery of sensation to the 
affected area has been reported.4-6 It is generally considered that permanent damage to 
the infra-orbital nerve should be an avoidable complication. Rosenberg and Sailer 
found that 18 of 21 patients had a hypoesthesia of the upper lip area served by the 
infraorbital nerve one month postoperatively.  Thus, three months postoperatively, the 
sensory function had virtually returned to the preoperative values and values at 6 
months postoperative were attained using electrical sensimetry.7 It was therefore 
shown that permanent damage does not occur provided there is no incorrect retraction 
of the soft tissue.  
Standard sensory testing modalities include the following: threshold of light touch 
perception, two-point discrimination threshold, temperature sensitivity,8 and trigeminal 
somatosensory-evoked potentials.9-13 The trigeminal somatosensory-evoked potential 
(TSEP) method is non-invasive, highly objective, and extremely reliable  and it can 
be used to investigate the trigeminal sensory hypoesthesia of the lower lip after 
mandibular ramus osteotomy. However, there have been no reports regarding sensory 
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hypoesthesia of the upper lip following Le Fort I osteotomy using TSEP. Hypoesthesia 
following Le Fort I has not been objectively investigated beyond that following 
mandibular ramus osteotomy. 
 
The purpose of this study was to objectively evaluate hypoesthesia of the upper 
lip following Le Fort I osteotomy in combination with sagittal split ramus osteotomy 
(SSRO) or intraoral vertical ramus osteotomy (IVRO) with TSEP. 
 
Subjects and Methods 
 
Subjects 
    The subjects comprised 25 Japanese adults (8 men, 17 women) presenting with 
jaw deformities diagnosed as mandibular prognathism with maxillary retrognathism 
and mandibular prognathism with or without bimaxillary asymmetry. At the time of 
orthognathic surgery, mean patient age was 23.6 years (standard deviation; 4.8 years, 
range; 16-34 years). 
 
Surgery:  
Of the 25 patients in this study, 16 underwent Le Fort I osteotomy and bilateral 
SSRO (by the Obwegeser method). Two PLLA L-type mini-plates (10×22×1.5 mm 
with 4 screws (2×8 mm), Fixorb®-MX; Takiron Co., Osaka, Japan) and two straight 
PLLA plates (28×4.5×1.5 mm with 4 screws (2×8 mm), Fixorb®-MX; Takiron Co.) 
were used to fix the maxilla and two PLLA mini-plates (28×4.5×1.5 mm with 4 screws 
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(2×8 mm), Fixorb®-MX; Takiron Co.) were used for bilateral internal fixation of the 
mandible.  
 Eight patients underwent Le Fort I osteotomy and IVRO without fixation to alter the 
occlusal cant, predominantly for correcting the asymmetry. After 1-2 weeks of MMF, 
elastics were placed to maintain ideal occlusion. PLLA plates were used in the same 
way. The other one patient underwent Le Fort I osteotomy alone. 
Trigeminal nerve hypoesthesia was assessed bilaterally by the TSEP method. The 
methodology and values of the TSEP have been previously described in a preliminary 
study.11-13 The method was applied to the upper lip. The electrodes were placed exactly 
above the highest point of the vermilion border and on the mucosa of the upper lip. An 
electroencephalograph recording system (Neuropack Sigma™; Nihon Koden Corp., 
Tokyo, Japan) was used to analyze the potentials. The right and left sides were 
measured separately so that a total of 48 sides could be assessed. Each patient was 
evaluated preoperatively and then postoperatively at 1 week, 2 weeks, 1 month, 3 
months, 6 months and 1 year. 
Trigeminal hypoesthesia was assessed by the latency of P1 and N2 in the 
recorded TSEP spectra because these peaks produce an accurate figure and have a 
tendency of inducing a higher reproducibility among healthy volunteers. Measurable 
periods of TSEP were defined as those periods before the peaks of N1(N13), P1(P17), 
N2(N27), P2(P36) and N3(N46) that were clearly identified  on early components of 
the TSEP wave (Fig. 2). 
The measurable period was determined as the time when TSEP was first 
measurable postoperatively. Measurement of TSEP after surgery was continued until 
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TSEP became measurable.  
Data were statistically analyzed using the StatView™ version 4.5 software 
(ABACUS Concepts, Inc., Berkeley, CA, USA). Differences between groups were 
analyzed using Scheffe’s F test. Differences were considered significant at P< 0.05. 
 
Results 
There were no complications such as fracture of the proximal segments or 
abnormal bleeding during surgery. After surgery, no patient had a wound infection or 
dehiscence, bone instability or non-union, or long-term malocclusion. Facial muscle 
dysfunction derived from facial nerve injury was not observed. 
The average measurable period and standard deviation of TSEP of the upper lip 
following Le Fort I osteotomy was 7.8±10.7 weeks, TSEP of the lower lip was 4.6±9.2 
weeks in the patients who underwent SSRO with Le Fort I osteotomy, and 1.2±0.4 
weeks in the patients who underwent IVRO with Le Fort I osteotomy. Although, there 
were significant differences between these groups, the measurable period of the upper 
lip following Le Fort I osteotomy tended to be longer  than those of the lower lip in  
patients who underwent SSRO and IVRO with Le Fort I osteotomy (P=0.0508). There 
were no significant differences between the right and left sides in all groups. 
In 21 of 50 ( 42%) sides of the upper lip following Le Fort I osteotomy, TSEP 
was measurable within 1 week, for 28 sides ( 56%) within 2 weeks, 36 sides ( 72%) 
within 1 month, 39 sides (78 %) within 3 months, 49 sides ( 98 %) within 6 months 
and for 50 sides (100%), it was recovered within 1 year.  
6 
On the other hand, in 17 of 34 (50%) sides of the lower lip following SSRO with 
Le Fort I osteotomy, TSEP was measurable within 1 week, for 24 sides (70.4%) within 
2 weeks, 28 sides (82.4%) within 1 month, 31 sides (91.2 %) within 3 months, 32 sides 
(94.1 %) within 6 months and for 33 sides (97.1%), it was recovered within 1 year. one 
side remained immeasurable postoperatively for 1 year.  
In 14 of 16 (87.5%) sides of the lower lip following IVRO with Le Fort I 
osteotomy, TSEP was measurable within 1 week, for 15 sides (93.8%) within 2 weeks 
and for 16 sides (100%), it was recovered within 1 month. 
In the within-subject comparisons, there were significant differences between 
pre-operation and 1 month (P=0.00424) in N1; between 1 month and 6 months 
(0.0026),  1month and pre-operation (P<0.0001), and  2 weeks and pre-operation 
(P=0.0006) in P1; between pre-operation and 1 week (P=0.0238),  2 weeks and 
pre-operation (P=0.0190) in N2; between 1 week and 6 months (P=0.0144),  1 week 
and pre-operation（P=0.0126）,  2 weeks and 6 months (P=0.0260) and 2 weeks and 
pre-operation (P=0.0229) in P2  regarding TSEP of the upper lip following Le Fort I 
osteotomy (Fig. 3).  
On the other hand, there were significant differences between 1 week and 
pre-operation (P=0.0333), between 3 months and pre-operation (P=0.0008), between 6 
months and pre-operation (P=0.0017) in N1, and between 1 month and pre-operation 
(P=0.0478), between 1 week and pre-operation (P=0.0030 and between 3 months and 
pre-operation (P=0.0090) in N2, and between 1 week and pre-operation (P=0.0180) in 
P2 in TSEP of lower lip following SSRO with Le Fort I osteotomy (Fig. 4).  
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 There were no significant differences in N1, P1, N2 and P2 in TSEP of lower 





The sensory innervation of the surgical area involved in Le Fort I osteotomy falls 
within the distribution of the second division of the trigeminal nerve.  This is a 
distinct area of the anterior part of the nasal sepatum and lateral nasal wall which is 
served by internal nasal branches of the anterior ethmoidal nerve (from the first 
division of the trigeminal nerve). After emerging from the middle cranial fossa through 
the foramen rotundum, the maxillary nerve crosses the pterygopalatine fossa and enters 
the orbit through the infraorbital fissure, now called the infraorbital nerve. Having 
traversed the infraorbital canal, it emerges through the infraorbital foramen to supply 
the skin of the mid-face and the mucous membrane of the cheek and lip.14  
In Le Fort I osteotomy, the three superior alveolar nerves are transected as part of 
the osteotomy, and the terminal labial branches of the infraorbital nerve are transected 
as part of the mucosal incision. After the infraorbital nerve emerges from the 
infraorbital foramen, it may be subjected either to direct laceration or to traction injury, 
as a result of the forceful use of retractors during the operation.15
  Previous studies have reviewed the complications and long-term results of the Le 
Fort I osteotomy.5,6 In the early period after surgery all patients experienced decreased 
facial sensibility in the infraorbital nerve distribution and in the oral mucosa inferior to 
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the vestibular incision. Sensory recovery was reported to have occurred in most 
patients between 6 and 12 months after the operation. A careful review of these studies 
reveals that sensibility assessment was carried out using only a sharp probing 
technique. 
  Although, there has not been a study using TSEP for assessment of hypoesthesia in 
the upper lip after maxillary osteotomy, this method could be usefully adopted for the 
upper lip area as well as the lower lip. TSEP, is one of the somatosensory-evoked 
potentials of the peripheral nerves, and has been previously used to investigate causal 
factors of trigeminal sensory hypoesthesia after sagittal ramus osteotomy. The changes 
in potential of cerebral origin can be detected on the scalp in human subjects after 
electrical stimulation of the peripheral nerves. Trigeminal hypoesthesia is indicated by 
a prolonged detection of changes in the potential on the scalp after peripheral electrical 
stimulation (a latency delay) and may be induced by various causal factors such as 
compression or decompression injury, bone cut, fixation method, patient age, or the 
amount of segmental movement.16-19   
  In simple sensory test such as 2-point sensory discrimination, collection of output 
data depends on patient’s view with their bias, even if input data such as stimulating 
pressure is objective. However, TSEP data is directly collected from their 
electroencephalography derived from cerebral cortex so that data of TSEP could be 
more objective and reliable. Thus, difference between objective and subjective 
assessment may occur. Furthermore, there may be also difference between actual 
return of feeling and registration of nerve conduction. Advancements in the field of 
neurophysiology have a revealed posttraumatic change in the central nervous system. 
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Functional disturbance in the central nervous system after peripheral nerve injury is 
known as central sensitization.20.21 Actual return of feeling may not always occur with 
recovery in peripheral nerve.  
  In this study, hypoesthesia of both the upper and lower lip was measured in each 
patient so that the difference between upper and lower hypoesthesia after osteotomy 
could be compared, although we have reported hypoesthesia after SSRO.11-13 
Interestingly, the measurable period of the upper lip following Le Fort I osteotomy 
tended to be longer than those of the lower lip in the patients who underwent SSRO 
and IVRO. This may be due to the surgical technique used. We have changed the 
SSRO procedure from the Obwegeser Dal-Pont method to the Obwegeser method on 
the basis of previous data on TSEP.13 Therefore, the recovery period of hypoesthesia of 
lower lip might tend to be short in this study. It is well-known that IVRO has a lower 
rate of incidence of hypoesthesia after surgery.  
  From our results, although transit hypoesthesia of the upper lip after Le Fort I 
osteotomy occurred, there recovered within one year.  
 In general, comparing between subjects, the pre-operative latency period was 
significantly shorter than other post-operative periods in N1, P1, N2 and P2 following 
Le Fort I osteotomy. This showed that surgical invasion could induce a prolongation of 
the latency period for TSEP as well as after SSRO, although a measurement could be 
made. In IVRO, the sample number was very small and incidence rate of hypoesthesia 
was low so that there were therefore significant differences between pre-operative and 
other post-operative periods. 
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Regarding fixation material, although PLLA plates were used to fix the maxilla after 
Le Fort I osteotomy in this study, it remained unclear whether fixation material affects 
the hypoesthesia following osteotomy. Therefore, further investigation will be needed. 
 
Conclusion 
This study objectively shows that hypoesthesia occur in the upper lip following Le 
Fort I osteotomy with TSEP. The measurable period (i.e, when TSEP wave appeared 
firstly after surgery) of the upper lip following Le Fort I osteotomy tended to be longer  
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Fig.1 TSEP wave form. Measurable periods of TSEP were defined as those periods 
before the peaks of N1, P1, N2, P2and N3 that were clearly identified on early 
components of the TSEP wave. Amplitude value (µV) and latency periods (msec) were 
shown in this graph. 
 
Fig. 2 Average latency period of TSEP at the region of the upper lip following Le Fort 
I osteotomy 
Error bar shows standard deviation. 
 
Fig. 3 Average latency period of TSEP at the region of the lower lip after SSRO with 
Le Fort I osteotomy 
Error bar shows the standard deviation. 
 
Fig. 4 Average latency period of TSEP at the region of the lower lip after IVRO with 
Le Fort I osteotomy 
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